Introduction
Empyema is one of the most serious complications after esophagectomy [1] . Furthermore, the treatment of empyema with bronchopleural fistula (BPF) is often difficult [2] . We reported a case of refractory air leakage of bronchopleural fistula in a patient with empyema that was successfully treated by endobronchial embolization using endobronchial Watanabe spigots (EWSs).
Clinical summary
A 71-year-old man with advanced esophageal cancer, clinical stage was cT3N1M0 stage IIIA was referred to our hospital. He underwent esophagectomy with video assisted thoracic surgery accompanied by reconstruction of the stomach through the posterior sternum after induction chemotherapy. The postoperative course was uneventful and he was discharged from our hospital at 14th postoperative day. There were no anastomotic complications after esophagectomy, checked by videofluorography and endoscopy. However, the patient had fever, fatigue, and cough four months after surgery. A right lung abscess of the segment 6 was revealed by chest computed tomography (CT) (Fig. 1A) . The CT showed no abscess around the anastomosis. Anti-biotics of oral intake was not effective and the patient developed the right empyema, and he was admitted to our hospital. When we inserted a drainage tube into his right thoracic space, air leakage was observed. Although, the empyema was controlled by the drainage and intra venous anti-biotics therapy, air leakage continued. The thin-section chest CT showed that the BPF existed in the segment 6 and 10 (Fig. 1B) . Endobronchial embolization was performed to the responsible bronchus using EWSs (Novatech, Cedex, France). The EWSs were inserted through an endotracheal tube under local anesthesia with moderate sedation to allow sponta- neous breathing. Vital signs and oxygen saturation were monitored during endobronchial embolization. One EWS of middle size (EWS-M) was inserted tightly into the B 6 c and the other EWS of large size (EWS-L) into the B 10 b+c ( Fig. 2A) . After the EWSs insertion, the patient began to recover from anesthesia, and the air leakage was eliminated. The patient coughed up the EWS in the B 6 c two days after first endobronchial embolization. We retried the endobronchial embolization using the EWS-M into the B 6 c (Fig. 2B) . As a result, the air leakage completely disappeared. The thoracic tube of drainage was removed two days after 2nd endobronchial embolization. Complications due to the EWSs insertion were not observed, and the patient was discharged from our hospital 6 days after the 2nd bronchial embolization. The patient was followed six months later, empyema was not occurred and the patient was in good general condition and no recurrence of cancer.
Discussion
Empyema and BPF are well known complications following thoracic surgery [1] . Furthermore, the treatment is often difficult due to the poor general conditions of the patient [2] . Especially, the patients who underwent esophagectomy often had low serum albumin. Low serum albumin is associated with postoperative complications, so that the clinician should consider the finding of low serum albumin in these patients, together with disease and surgical factors to provide optimal care for these patients [3] . Previous study reported that postoperative complications rates of empyema and BPF were 2.3% and 0.3% after esophagectomy [1] . Lung abscess is commonly caused by aspiration pneumonia in patients with poor condition. In our case, the patient had vocal cord palsy and low level of serum albumin. Aspiration, which caused lung abscess, frequently occurred after esophagectomy. The lung abscess slightly ruptured and spread to thoracic cavity, which caused empyema. Additionally, the patient was diagnosed to have a fistula of the peripheral bronchus at S 6 and S 10 by the thin-section CT findings.
The management of BPF has evolved over the years. Surgical approach is frequently needed to control the BPF, though endobronchial embolization is effective in closing the BPF in some patients [2, 4] . Though endobronchial embolization using gauze, a polyvinyl sponge, fibrin glue, one way valve was reported, still there have been controversies as to the methods [4] . EWS was developed by Watanabe et al. and reported the effectiveness in reducing air leakage by endobronchial occlusion to the bronchus [5] . EWS was made of silicone and specially constructed. EWS are available in three sizes based on diameters of 5 mm (small), 6 mm (middle), and 7 mm (large). EWS-M should be used mainly at the level of the sub-segmental bronchus [5] . The most complication associated with endobronchial embolization using an EWS is migration [4] . In our case, EWSs of middle and large size were useful to control air leakage. We safely retried the 2nd endoboronchial embolization using the EWS because the patients coughed up the EWS. The patient had no complication after insertion the EWS again. There have been no reports as to the long-term follow-up after EWS insertion. Further studies are required to reveal the long-term safety of the placement of an EWS.
In this case, we emphasized the value of Endobronchial Watanabe Spigot (EWS) use in bronchial embolization. Embolization with EWS is one of the first line options in conservative management of BPF after esophagectomy. Furthermore, we safely retried the 2nd endoboronchial embolization using the EWS.
Certainly, there are some reports about endobronchial embolization for postoperative bronchopleural fistula (BPF) after pulmonary resection. However, there are a few reports after esophagectomy. Some patients have aspiration pneumonia after esophagectomy because of the recurrent nerve palsy or lack of cough reflex. In this case, the aspiration pneumonia occur the lung abscess. The lung abscess ruptured and spread to thoracic cavity, which caused empyema. So esophageal surgeon need to know the conservative treatment using EWS. Even though the patient had empyema with BPF, endobronchial embolization using EWSs was an effective treatment to control the refractory air leakage from BPF.
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